A technique to generate chirp-free UWB signal in the optical domain with extremely high tolerance to fiber dispersion based on a polarization modulator followed by an FBG notch filter is proposed and demonstrated.
Introduction
In ultra-wideband (UWB) over fiber systems [1] , the optical UWB signals always suffer severely from fiber dispersion since most of the UWB signals generated in the optical domain have a wide optical bandwidth, high data rate and serious frequency chirp. The fiber dispersion would distort significantly the UWB signals and therefore reduce the receiver sensitivity of a correlation receiver. To solve the problem, we have proposed recently a method to generate chirp-free UWB monocycle pulses based on a polarization modulator (PolM) which has a good tolerance to fiber dispersion within 340 ps/nm (i.e. 20-km single-mode fiber (SMF)) [2] . But if longer fiber is applied, dispersion compensation must be applied [2] .
In this paper, a novel photonic UWB signal generator based on a PolM with extremely high tolerance to fiber dispersion is proposed. Thanks to a fiber Bragg grating (FBG) notch filter to remove one sideband, the generated single sideband (SSB) optical signal is a chirp-free UWB monocycle which is almost insensitive to fiber dispersion. An experiment is carried out, in which optical UWB pulses are successfully generated, which are then distributed over 40-km SMF. No distortion in the waveforms is observed.
Principle
The schematic diagram of the proposed scheme is shown in Fig. 1 . The PolM performs electro-optical modulation with double sidebands, and the FBG suppresses one of the two sidebands. According to [2] , the normalized optical fields at the output of the polarization-maintaining fiber (PMF) along its two principal axes can be written as 
where o is the angular frequency of the optical carrier, is the phase modulation index, (t) is the modulating signal, 0 is a phase shift induced by PC2 and is the differential group delay (DGD) of the PMF.
To investigate the frequency response of the scheme, we let (t)=cos m t and 0 = /2, which can be obtained by carefully adjusting PC2. Expand (1) with Bessel functions, ignore the higher orders ( 2) assuming small-signal modulation, and consider the filtering effect of FBG, we obtain
where J n ( ) (n=0,1) is the nth-order Bessel function of the first kind, k (0 k ) is a coefficient for the attenuation of the upper sideband in the FBG. The detected signal at the photodetector (PD) is
If the notch filter can effectively remove the upper sideband, the coefficient k<<1 and for small signal modulation, <<1, so J 0 1,
2 [cos m (2t+ )cos m ] can be neglected. Hence the AC term of (3) can be rewritten as
According to the theory of Fourier expansion, a complex function (t) can be expressed as a linear combination of a series of cosine functions. Therefore, if a signal expressed by (t) is introduced to the PolM, the obtained signal at the PD is
From (5), a Gaussian monocycle is generated if the input drive signal is a Gaussian pulse [2] .
In addition, it can be observed from (2) that the phase of E x '' and E y '' is independent of m . Therefore, the generated Gaussian monocycle pulse is chirp-free.
According to [3] , the dispersion in SMF produces a transfer function of H( ) =exp(j L 2 ) to the optical signals, where =D 2 /(4 c), is the offset angular frequency from the optical carrier, D is the chromatic dispersion (CD), is the optical wavelength, c is the speed of light in vacuum and L is the length of the SMF. Hence, if the signal in (2) 
Then, the photocurrent at the output of the PD is 
If L m 2 =(2n+1) /2, where n=0,±1, ±2,..., we get I=0. Obviously, the transfer function of the entire system is very sensitive to the fiber dispersion.
2) If k=0, which is the situation of optical SSB transmission, the AC term of (8) can be rewritten as
Since the time delay between the two taps is , and the tap coefficients are [1, -1] , the input Gaussian pulse would still be reshaped to a UWB monocycle, so the system is insensitive to the fiber dispersion. Based on the analysis above, we can conclude that: by introducing a Gaussian pulse to the PolM, 1) the generated optical SSB signal is a UWB monocycle; 2) the generated UWB signal is chirp-free; and 3) the generated UWB signal have an extremely high tolerance to the fiber dispersion.
Experimental Results
The proposed UWB signal generator shown in Fig. 1 is experimentally implemented. The DGD of the PMF is about 41 ps, and the length of the SMF is 40 km. Fig. 2 shows the transmission response of the optical notch filter, which has a 42-dB notch depth in the notch center. The wavelength of the TLS is set at 1550.14 nm, located in the right edge of the filter, so the upper sideband of the optical DSB signal is largely suppressed. It should be noted that the notch filter would result in lower suppression ratio in the lower frequency regime. Fortunately, the lower frequency components are principally not sensitive to fiber dispersion. Fig. 3 shows the electrical spectra and waveforms of the generated UWB monocycle for the cases with and without the optical notch filter. For the case without optical notch filter, i.e. DSB UWB signal generation, the transmission of the generated signal in the 40-km SMF produces a deep notch at the frequency of about 9.5 GHz to the electrical spectrum and meanwhile the waveform is significantly distorted. On the other hand, when the optical notch filter is applied, i.e. SSB UWB signal generation, we can not observe evident difference between the electrical spectra as well as the waveforms of the UWB signal with and without the 40-km SMF transmission, which agrees well with the theoretical analysis, i.e. the generated UWB monocycle pulse has an extremely high tolerance to fiber dispersion.
Conclusions
A novel technique to generate chirp-free UWB signals in the optical domain with extremely high tolerance to fiber dispersion is proposed, theoretically investigated and experimentally demonstrated. The experimental result agrees very well with the theoretical analysis. Due to the high tolerance to fiber dispersion which significantly extends the transmission distance, the proposed generator would find potential applications in UWB over fiber system. 
